We study the relationship between macroeconomic conditions and self-reported health in a large sample of Italian individuals, focusing on the mediating role played by health behaviors (smoking, alcohol consumption, physical activity, eating habits) and economic stress. Our findings indicate that, overall, higher local unemployment is negatively related to individuals' health conditions. A one percentage point increase in the province-level unemployment rate is associated with a significant increase in the probability of experiencing diabetes (0.03 percentage points), infarction (0.01), ulcer (0.06), cirrhosis (0.01) and nervous disorders (0.07), with a time lag that differs across individual health conditions. Employment status and educational level play a significant role as moderators of these relationships. Eating habits, in addition to economic stress, play a key role as mediators, by enhancing the negative relationship between macroeconomic conditions and health outcomes, while physical exercise is found to play a dampening role.
Introduction
The growing concerns about the pervasiveness and persistence of joblessness in advanced economies, and particularly in Europe, are fueled by the perception that the social costs of unemployment are far greater than the economic costs, as measured by lower income levels. The World Health Organization (WHO) has forcefully warned policymakers against the adverse health consequences of the recent global financial crisis (WHO, 2009 (WHO, , 2011 . However, despite the existence of abundant evidence documenting the effects of macroeconomic conditions on health, relatively little is known about the underlying transmission mechanism.
At the theoretical level, macroeconomic fluctuations can affect health outcomes in several ways. Health can be negatively affected by production externalities, such as increased air pollution and car accidents (Davis et al., 2010; Ruhm, 2000) , or by reduced quality and availability of health care (Stevens et al., 2015) . Macroeconomic conditions can also affect health outcomes by generating stressors, that can be either psychosocial (e.g., time pressure, uncertainty, job insecurity) or physical (e.g., heavy work-shifts).
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The exposure to such stressors generates economic stress (Catalano and Dooley, 1983) which, in turn, may determine either physiological (e.g., infarction, angina) or psychological negative health outcomes (e.g., anxiety, nervous disorders).
Macroeconomic conditions can also indirectly affect health outcomes through health behaviors, by modifying both disposable income and the opportunity cost of time. For example, when the unemployment rate rises, individuals experience a reduction (or expected reduction) in disposable income that could result in lower consumption of alcohol and cigarettes, but also of healthy food and physical exercise. On the other hand, individuals facing a lower opportunity cost of leisure can spend more time in healthimproving activities, such as physical exercise, producing and consuming healthy meals, or recreational activities and interpersonal relationships (Ruhm, 2000) . In addition, health behaviors such as smoking or alcohol consumption may also change as a coping strategy against economic stress. Overall, it is difficult to determine a priori which of these effects prevails.
In this paper, we empirically investigate the transmission mechanism linking macroeconomic conditions to individual-level health outcomes, focusing on the mediating role played by health behaviors and economic stress. We contribute to the existing literature, that generally focuses on the relationship between macroeconomic conditions and either health behaviors or health outcomes (e.g., Charles and DeCicca, 2008; Ruhm, 2000; Tekin et al., 2013) , by disentangling the direct link between macroeconomic conditions and health outcomes from the indirect links explained by health behaviors and economic stress. In addition, while most existing studies focus on the static relationship between macroeconomic conditions and health, 2 we explicitly allow for the fact that changes in macroeconomic conditions may affect health outcomes over time.
Our analysis exploits detailed information about the health behaviors and health conditions of Italian individuals from the Multipurpose Survey on Households (ISTAT, 2015) , and data on local labor market conditions at province level, with an identification strategy based on the variation over time and across provinces in local unemployment and individual health. Our findings indicate that local unemployment is negatively related to health outcomes, with a time lag that differs across health conditions. Eating habits, in addition to economic stress, are identified as key mediators contributing to the negative relationship between macroeconomic conditions and health outcomes, while physical exercise is found to play an opposite (dampening) mediating role. The paper is structured as follows. Section 2 discusses the related literature. Sections 3 and 4 describe the data and methods, respectively. Section 5 presents the results. Section 6 concludes.
Related literature
Following the seminal work by Ruhm (2000) , a wide body of literature has documented the effects of macroeconomic fluctuations on health, showing that weakening economies are associated with changes not only in mortality (e.g., Edwards, 2008) and causespecific mortality (e.g., Svensson, 2007) , but also in morbidity (Ólafsdóttir et al., 2016) and health behaviors (e.g., Ásgeirsdóttir et al., 2014a,b) , such as smoking (Ruhm, 2005) , alcohol consumption (Ruhm and Black, 2002; Dee, 2001; Cotti et al., 2015) , physical exercise and eating habits (Colman and Dave, 2013; Dave and Kelly, 2012) . While a number of studies have found a pro-cyclical pattern of mortality and morbidity (e.g., Gerdtham and Ruhm, 2006; Miller et al., 2009; Gonzalez and Quast, 2011; Haaland and Telle, 2015) , other studies have found either counter-cyclical or a-cyclical patterns (e.g., Svensson, 2007; Buchmueller et al., 2007; Charles and DeCicca, 2008; Stuckler et al., 2009; Toffolutti and Suhrcke, 2014) .
The heterogeneity of the findings in this literature is explained by a number of factors. First, the cyclical pattern of health outcomes differs by age group, gender and type of health condition (e.g., mental vs. physical health), and the empirical results are generally sensitive to the specific indicator used to measure economic conditions (Stevens et al., 2015; Tekin et al., 2013) . Second, several contextual factors that differ systematically across countries, such as aggregate income, active labor market policies, and social safety nets or social support networks serving as formal or informal insurance mechanisms (Ferreira and Schady, 2009; Suhrcke and Stuckler, 2012) , may affect the results. Third, the health consequences of macroeconomic conditions may be different during normal business-cycle fluctuations or major crises (Suhrcke and Stuckler, 2012) .
In the medical literature, the most significant health problems identified as directly related to stress are cardiovascular diseases (Belkic et al., 2004; Kivimäki et al., 2006) , nervous and mental disorders (Bonde, 2007; Netterstrom et al., 2008) , diabetes (Heraclides et al., 2012) and ulcer (Mayer, 2000) . It is also widely documented that risky health behaviors affect health outcomes. Lack of regular physical exercise increases the risk of several chronic conditions, including coronary and heart diseases (Warburton et al., 2010) and type 2 diabetes (Miller and Dunstan, 2004) . Smoking increases substantially the risk of coronary and heart diseases, as well as cancer and respiratory conditions (US Department of Health and Human Services, 2014) . Alcohol consumption is related to -among others -cirrhosis, diabetes, heart diseases and mental conditions (Rehm et al., 2009) . Bad eating habits increase the risk of several chronic health conditions, as widely documented by the World Health Organization (WHO, 2003) .
In the literature, however, there is still much debate about how health behaviors adjust to changes in macroeconomic conditions over time and how, through this mechanism, they affect health outcomes.
3 Empirical studies find conflicting results on these issues. Ruhm (2005) shows that health behaviors, such as smoking, may respond differently in the short-and the medium-term, and that changes in behavior can occur with a delay, following an initial period where they remain unaffected. Ásgeirsdóttir et al. (2014a,b) find, instead, that most health behaviors underwent only temporary deviations and reverted back to pre-crisis levels in the recovery from the financial crisis in Iceland. Against this background, our empirical analysis investigates both general health outcomes (satisfaction with health and indicators of hospitalization) and specific health conditions, focusing on diabetes, hypertension, infarction, angina, ulcer, cirrhosis, and nervous disorders. Regarding the transmission mechanism, we examine the role played by economic stress and health behaviors commonly identified by the literature, focusing on smoking, alcohol consumption, physical inactivity, and eating habits.
Data
Our analysis relies on two different data sets from the Italian Statistical Office (ISTAT), covering 103 Italian provinces on a yearly basis between 1993 and 2012. Individual-level data on health conditions and socio-demographic characteristics are from the Multipurpose Survey on Households (ISTAT, 2015), a repeated survey carried out annually through face-to-face interviews on a different sample of about 50,000 individuals. The sample is designed to be representative of the Italian population at province (NUTS-3) level. 4 The data set contains detailed information about social 3 Smoking, for example, can be viewed as a short run coping response to stress with long-term negative health effects (Suhrcke and Stuckler, 2012) . 4 The Nomenclature of Territorial Units for Statistics (NUTS) classification is a hierarchical system used by Eurostat for dividing up the economic territory of the European Union. For Italy, NUTS codes classify territories into geographical areas (NUTS-1), regions (NUTS-2) and provinces (NUTS-3). See EUROSTAT for details.
We examine several self-reported measures of health. 5 First, satisfaction with own health, measured on a four-item ordinal scale (not at all, not much, enough, very much). We re-code this variable into two alternative binary variables: very dissatisfied with health conditions, being equal to one if the respondent has chosen the first item of the scale, and dissatisfied with health conditions, being equal to one if the respondent has chosen one of the first two items of the scale. Second, we consider three alternative selfreported indicators of hospitalization: a dummy variable indicating whether the subject has been recently in hospital; the number of times the subject has been in hospital in the last year; the total number of days spent in hospital in the last year. Third, we consider the occurrence of specific health conditions that may be affected by macroeconomic fluctuations: diabetes, hypertension, infarction, angina, ulcer, cirrhosis, and nervous disorders. It should be noted that, since our analysis is based entirely on self-reported health indicators as dependent variables, the results might be affected by reporting bias, that could be systematically related to factors that vary across provinces, such as cultural aspects or social norms (Sen, 2010) . Therefore, as discussed in Section 4, all our empirical specifications include province (and time) fixed effects, so that we control for any time-invariant factors that may produce systematic differences in reporting bias across provinces.
Regarding the transmission mechanism, we examine the role played as mediators by health behaviors commonly identified by the literature, such as smoking (number of cigarettes per day), alcohol consumption (drink alcohol outside meals), physical inactivity (practice no physical activity). As for eating habits, we construct an index of diet variety as a weighted average of the type of food consumed, from a list of 12 different food items, with weights represented by the frequency of weekly consumption. The resulting index is re-coded into a dummy variable with poor diet variety being equal to one when the index is lower than the median of the sample. Finally, we include among mediators a measure of economic stress, proxied by a dummy variable indicating dissatisfaction with economic conditions (equal to one when the subject reports to be dissatisfied or very dissatisfied with her own economic conditions).
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Following the literature, we proxy macroeconomic conditions with province-level unemployment rates. We focus on this variable since fear of losing the job is one of the most powerful factors affecting individuals' stress. By using several releases of the Territorial Economic Accounts from ISTAT, we were able to reconstruct the annual series of the unemployment rate at NUTS-3 level for 103 provinces between 1993 and 2012. Since the Italian territorial division at NUTS-3 level has changed during the period considered, we reclassified provinces to 103 in order to have consistent geographical units across the period considered. In order to focus on working-age adults, we restrict the sample to individuals between the age of 18 and 66, and further exclude from the analysis individuals who retired or are unable to work. This yields a final sample of about 620,000 individuals, overall. Table 1 provides descriptive statistics for the variables used in the analysis.
Methods
Whereas the focus of the literature is generally on simultaneous effects, health can be expected to respond to changes in macroeconomic conditions with a time lag. Chronic diseases may take time to become manifest or be diagnosed. Stress is generally accumulated over time. In addition, health behaviors may adjust slowly to changes in economic conditions, although there is mixed evidence on this issue (Ruhm, 2005; Ásgeirsdóttir et al., 2016 , 2017 Ólafsdóttir et al., 2016; Ólafsdóttir and Ásgeirsdóttir, 2015) . 8 In our baseline specification, individual health outcomes are explained by macroeconomic (province-level) conditions and a set of individual-level controls, in addition to province and year fixed effects:
where H ipt denotes the health status of individual i in province p at time t, U ptÀj is the unemployment rate in province p at time t À j, X is a vector of individual-level controls (marital status, education, age, gender, etc.), with coefficients denoted by P. m p and l t represent province and time (year) fixed effects, and e ipt the individual-level error term. Eq. (1) is estimated for different lags of the province-level unemployment (t, t À 1, t À 2, t À 3), in order to allow for the fact that changes in economic conditions may affect health outcomes gradually over time. The choice of the lag length Source: Multipurpose Survey on Households (ISTAT, 2015) . 5 Despite the limitations of self-reported health assessments (Bound, 1991; Johnston et al., 2009) , there is common agreement in the literature that subjective indicators are informative about objective health conditions (Miilunpalo et al., 1997) . 6 The question is phrased as follows: "Are you affected by one or more of the following chronic diseases?" 7 We acknowledge that this is a rather crude way of capturing economic stress.
Unfortunately, our data set does not contain detailed information about working hours, that could provide a more accurate measurement of work-related stress.
8 In a long term perspective, migration may be an additional relevant factor.
However, Italy is one of the countries in Europe with the lowest labor mobility, both internal and international, with most movements occurring within provinces (Impicciatore and Strozza, 2016) . 9 There are several trade-offs to consider when choosing the level of geographic aggregation. Lindo (2015) , for instance, shows that more-disaggregated analyses produce estimates that are smaller in magnitude.
has been suggested by the literature, that generally identifies a time interval between 2 and 4 years (Ruhm, 2005; Gerdtham and Ruhm, 2006) . We also considered specifications with the inclusion of province-specific time trends, obtaining virtually unchanged results. Following previous studies based on pooled cross-sectional data, our identification strategy relies on the exogeneity of macroeconomic (province-level) conditions with respect to individual-level health outcomes. Unobserved heterogeneity is a potential problem in analyzing the relationship between economic conditions and health outcomes. We thus include province fixed effects to control for any unobservable time-invariant provincelevel effects (e.g., differences in lifestyle across provinces) and year fixed effects to capture unobserved aggregate time effects or time trends (e.g., improvements in medical treatments and/or technology). The use of the province-level unemployment rate as the key explanatory variable for individual-level health conditions reduces the likelihood of reverse causality.
We estimate the specification in (1) by using a linear probability model. This choice is made for three reasons. First, the approach we employ for the estimation of the indirect effects of unemployment on health conditions, described below, is based on a linear specification. Second, by using a linear model we avoid the difficulties associated with the interpretation of interaction effects (moderators) in nonlinear models. Third, the results are qualitatively unchanged when using either a probit or a logit estimator. Standard errors are clustered at province level. It should be observed that multiple hypothesis testing might increase the probability of incorrect rejection of a true null hypothesis (type I error). In order to account for this possibility, we experimented by adjusting p-values with a Bonferroni correction so that, for a given desired significance level (a), each hypothesis was tested with a significance level of a m , where m is the total number of hypotheses to be tested. The results obtained with this correction, which is very conservative, were qualitatively unchanged.
Results
We start our analysis by characterizing the relationship between province-level unemployment and individual-level health outcomes at different lags. Next, we assess the role played by individual characteristics as moderators, focusing on employment status, educational level and gender. Finally, we examine the mediating role played by health behaviors and economic stress. Table 2 presents estimation results for Eq. (1), using general health outcomes as dependent variable, and different lags of the province-level unemployment rate as the key explanatory variable. Each cell reports, for a given health outcome, the estimated coefficient, and the corresponding standard error, for the unemployment rate at the relevant lag (U ptÀj ). We find that province-level unemployment is positively and significantly related to the likelihood of being unsatisfied or very unsatisfied with health, and to the number of days of hospitalization. The size and significance of the relevant coefficients do not change much by using different lags of unemployment. Province-level unemployment is also positively related to the probability of being hospitalized and to the number of times in hospital, although the estimated coefficients are not statistically significant. Table 3 reports estimation results for Eq. (1) obtained by using individual chronic health conditions as a dependent variable. Bad local labor market conditions are positively and significantly related to the likelihood of reporting cardiovascular disorders, such as hypertension, infarction and angina. Higher unemployment rates are also positively and significantly related to the presence of diabetes, ulcer, cirrhosis and nervous disorders.
Local unemployment and health outcomes
10 These results are consistent with the findings reported in previous literature exploring cause-specific mortality. Lee et al. (2010) , for instance, find that depression is more widespread during recessions. Svensson (2007) finds increased probability of infarction during downturns for a subgroup of the population between 20 and 49 years old. Tapia Granados (2008) finds that suicides, as well as deaths attributable to diabetes and hypertensive diseases, fluctuate counter-cyclically. Ásgeirsdóttir et al. (2014a,b) find that the 10 It is interesting to observe that, consistently with theoretical predictions of an economic stress mechanism, no significant effects of macroeconomic conditions are found on chronic conditions that are not stress-related, such as allergies, liver and kidney stones and osteoporosis (results available upon request).
economic collapse of 2008 in Iceland was positively related to hypertension in males but not in females. Note, however, that the results reported on infarction contrast with Ólafsdóttir et al. (2016) , who find that a short-term increase in labor supply increases the probability of heart attacks among men. Focusing on the lag structure of the estimated specifications, while the unemployment rate is significantly related to cirrhosis and nervous disorders with no time lag, the relationship with circulatory conditions and diabetes is strong and statistically significant only for higher lags of unemployment. As for the magnitude of the coefficients, a one percentage point increase in the province-level unemployment rate is associated with an increase in the probability of reporting a given health condition that is approximately 0.03 percentage points for diabetes, 0.01 for infarction, 0.06 for ulcer, 0.01 for cirrhosis and 0.07 for nervous disorders.
Employment status, education and gender as moderators
There are several reasons to expect that the effects of provincelevel unemployment may differ across population sub-groups (Tekin et al., 2013 ). Subjects whose current or expected employment status are more strongly affected by labor market fluctuations are more likely to experience negative health effects (Charles and DeCicca, 2008) . In this section, we thus allow the estimated effects of local labor market conditions to vary across sub-samples defined on the basis of employment status (employed vs. unemployed), education level (low vs. high) and gender.
Employment status can moderate the effects of macroeconomic fluctuations on individual-level health by altering the opportunity cost of time and the availability of economic resources (Ruhm, 2000) . These two effects (substitution and income) may have different signs, depending on individual-level employment status. During economic downturns, individuals who face lower opportunity costs of time, such as the unemployed, may spend more time in activities intended to improve their health, such as physical exercise, producing and consuming healthy meals, recreational activities and interpersonal relationships. At the same time, during recessions people make more effort to avoid losing their job. Thus, they may invest more time in working activities (if employed) or in job-search activities (if unemployed) and reduce, therefore, the time devoted to other non-market activities that could have a positive effect on their health. Moreover, while lack of financial resources may reduce unhealthy habits, such as alcohol consumption or smoking, it is also likely to trigger economic stress (Catalano and Dooley, 1983) .
Our hypothesis is that the income effect is less strong for an employed worker, since she is only marginally affected by macroeconomic conditions. 11 What is affected by macroeconomic conditions is, instead, her labor market prospects (i.e., the probability of losing the job or a less intense work schedule), or the labor market prospects of her peers, that may generate economic stress (Caroli and Godard, 2016; Urbanos-Garrido and Lopez-Valcarcel, 2015) . For the unemployed, the income effect can be expected to be stronger than for their employed counterparts. At the same time, unemployed individuals could have more leisure time than their employed counterparts, provided they do not fully devote it to job search activities. Regarding economic stress, two opposite factors are at play. On the one hand, for those who have already lost their job, worsening economic conditions do not increase the fear of joblessness. On the other hand, they reduce the likelihood of finding a new job. Education has been shown to affect both health behaviors and outcomes (e.g., Brunello et al., 2016; Clark and Roayer, 2013; Conti et al., 2010) . In fact, while more educated workers are less at risk during economic downturns, which results in a less strong stress channel (Charles and DeCicca, 2008) , they are also more likely to avoid unhealthy behaviors, have a health insurance, and live in better neighborhoods (Lochner, 2011) . Finally, in light of the literature on gender differences in health and labor market outcomes (e.g., Crimmins et al., 2010; Van de Velde et al., 2010; Seguino, 2010; Booth et al., 2002) , we expect the health of women to be more at risk than that of men in the presence of worsening of economic conditions (Hoynes et al., 2012) .
We estimate Eq. (1) by adding among the predictors interaction terms between the moderator and each regressor. Table 4 reports the results. Consistent with the theoretical predictions, the negative relationship between local unemployment and health conditions is, overall, significantly less strong for employed and highly educated individuals. Gender does not appear to play a significant role as a moderator when looking at general health conditions (e.g., Prause et al., 2009 ). However, the probability to experience diabetes and nervous disorders following economic downturns is significantly lower for women than for men. Note: each cell reports estimated coefficients for the interaction of province-level unemployment at time t, t À 1, t À 2, or t À 3 (estimated separately as in Table 3 ) and individual characteristics (employment status, education level, gender). Controls include gender, age, age squared, education, employment and occupation status, household characteristics, time dummies, province dummies. Standard errors clustered at province level. * p < 0.05. ** p < 0.01.
11 It should be noted that the opportunity cost of time for employed individuals can be affected by macroeconomic conditions, to the extent that real wages respond to changes in the unemployment rate.
Health behaviors and economic stress as mediators
In order to investigate the transmission mechanism from macroeconomic conditions to health outcomes, we follow the approach by Preacher and Hayes (2008) , illustrated in Fig. 1 . Economic conditions can affect health outcomes either directly or indirectly, through the mediator variables. More specifically, we consider five mediators, each with a negative expected effect on health conditions: smoking, alcohol consumption, physical activity (lack of), eating habits (low diet variety) and economic stress.
We implement Seemingly Unrelated Regression Equations (SURE) to jointly estimate the effect of economic conditions on each mediator (parameters a j in Fig. 1 ) and the effects of each mediator on health outcomes (parameters d j in Fig. 1 ). The indirect effect of economic conditions on health outcomes via mediator j is obtained as the product of the two coefficients (i.e., a j d j ). Therefore, the total indirect effect of economic conditions is estimated as P j a j d j , and the total effect as the sum of the direct and indirect
We start by considering whether the selected health behaviors and economic stress qualify as potential mediators, estimating the relationship between each of these variables and the unemployment rate (at different lags), while controlling for the same set of explanatory variables as in Eq. (1). Table 5 reports the results. Consistent with Charles and DeCicca (2008) , and in contrast with Ruhm (2005) and Ólafsdóttir and Ásgeirsdóttir (2015) , higher province-level unemployment is associated with a significant increase in smoking (except for U t ), with a stronger relationship for longer time lags. Higher local unemployment is instead associated with a significant decrease in alcohol consumption (except for U tÀ3 ), in line with the findings in Ruhm and Black (2002) , Johansson et al. (2006) and Ólafsdóttir and Ásgeirsdóttir (2015) , and in contrast with Dee (2001) . Interestingly, province-level unemployment is negatively associated with physical inactivity (Ruhm, 2005; Colman and Dave, 2013) , while it is positively and significantly related to lack of diet variety (Dave and Kelly, 2012) . Finally, higher local unemployment is positively and significantly related to economic stress (Caroli and Godard, 2016) , with the only exception of U tÀ3 .
Next, we estimate the direct and indirect links between local unemployment and individual health outcomes, as described above. Table 6 reports the results. Each cell measures the indirect link between unemployment and the relevant health outcome through each of the five mediators. The last two columns report the total indirect effect, i.e., the sum of the indirect effects of unemployment through each mediator ( P 5 j¼1 a j d j in Fig. 1) , and the direct effect (g in Fig. 1 ), respectively. Note that, since our individual-level data set is a repeated cross-section, we cannot account for the lagged effect of mediators on health outcomes. Therefore, we account only for the lagged effects of unemployment on mediators (as reported in Table 5 ), whereas the mediators are assumed to have simultaneous effects on health outcomes. For each of the health conditions under investigation, the indirect link of unemployment through smoking (column 1) is not statistically significant. The indirect link through alcohol consumption is positive and significant for dissatisfaction with health and diabetes. Interestingly, the indirect link through physical inactivity is negative and significant for both dissatisfaction with health and days of hospitalization. It is also negative and significant for individual health conditions, such as diabetes, cirrhosis, and nervous disorders. These findings reflect the fact that, as shown in Table 5 , when province-level unemployment is higher, physical inactivity falls. The unemployment rate has a positive and significant indirect relationship, through less diet variety, on dissatisfaction with health and on each of the health conditions considered, with the only exception of diabetes. Local unemployment has the strongest indirect links with health outcomes through economic stress. The estimated indirect coefficients are negative, large and significant for both indicators of general health status, and for each of the health conditions considered. The total indirect relationship (column 6) is positive and strongly significant for dissatisfaction with health and for each of the individual health conditions considered. As for size, the total indirect link is generally smaller than the direct link. Interestingly, however, the total indirect link is about half the size of the direct link in the case of dissatisfaction with health, and it is even larger than the direct link in the case of hypertension. Overall, the results suggest that health behaviors play an important role in the transmission of labor market shocks to individual-level health outcomes. By negatively affecting eating habits and economic stress, worsening local labor market conditions decrease satisfaction with health and significantly increase the likelihood of all the specific health conditions under investigation. On the other hand, worsening local labor market conditions are associated with less physical inactivity which, in turn, is negatively related to the likelihood of experiencing negative health conditions.
It is important to observe that the causal interpretation of the evidence on mediation effects relies crucially on the assumption of sequential ignorability (Imai et al., 2010 (Imai et al., , 2011 , whereby two ignorability assumptions are made sequentially.
12 First, given the observed explanatory variables, the assignment of individuals to low/high unemployment provinces is assumed to be independent of potential health outcomes and mediators (i.e., the unemployment rate is exogenous). Second, each mediator is assumed to be independent of potential health outcomes, after conditioning on local unemployment rate and additional observed explanatory variables. This implies assuming that there are no unobservable characteristics that confound the relationship between health behaviors and health outcomes.
Both these assumptions could be violated in our setting. For instance, dissatisfaction with economic conditions is a key determinant of migration decisions, so that there can be selfselection of individuals into provinces, leading to a possible violation of the first ignorability assumption (endogeneity of the unemployment rate). In addition, it is possible that unobservable individual characteristics that matter for health outcomes, such as intertemporal preferences or risk attitudes, also play a role for observed mediators, such as health behaviors and economic stress, leading to a violation of the second ignorability assumption.
Violation of the first ignorability assumption is made less likely by the relatively low mobility of Italian households across provinces. In Italy, 70% of individuals aged above 30 live less than 10 kilometers away from their parents, against 45% in Germany or France (Dalla Zuanna and Weber, 2011) . In addition, internal migration flows mainly concern younger individuals, for whom the incidence of chronic diseases is lower. Regarding the possible violation of the second ignorability assumption, Table 7 reports the correlations between the residuals of the equations of moderators and outcomes for each of the SURE models reported in Table 6 . The estimated correlations are generally close to zero, providing little evidence of unobservable factors affecting both mediators and outcomes (pair-wise correlations between the residuals of moderators equations, available upon request, are instead relatively larger). Breusch-Pagan test statistics for overall error Note: each cell reports the correlation coefficient between the residuals of the equations for the health outcome in the given row and the health behavior in the given column. 12 We thank an anonymous reviewer for this point.
independence, distributed as x 2 15 , are strongly significant for each of the outcome variables reported in Table 7 , providing support to the use of SURE estimation as opposed to OLS. Despite these remarks, since the violation of the sequential ignorability assumption cannot be ruled out, the causal interpretation of our mediation analysis should be considered with caution.
Conclusions
In order to design informed policy interventions aimed at offsetting the potentially harmful consequences of weakening economies, it is important to understand not only if, but also how macroeconomic fluctuations affect health. To this purpose, the present study attempted to shed some light on the transmission mechanism underlying the relationship between macroeconomic conditions and health outcomes.
Our empirical analysis was aimed at disentangling the direct and indirect links between labor market conditions and health outcomes. Indirect links were investigated by focusing on the mediating role played by a number of health behaviors, such as smoking, alcohol consumption, physical inactivity, and poor diet, in addition to economic stress. The results indicate that higher province-level unemployment rate is negatively related to individual-level health, with a time lag that differs across health conditions: while unemployment is simultaneously related to the occurrence of cirrhosis and nervous disorders, the relationship with circulatory diseases and diabetes becomes significant after two or three years.
Focusing on the transmission mechanism, the negative relationship between local unemployment and health is mainly explained by eating habits (lack of diet variety) and economic stress (dissatisfaction with economic conditions). Through changes in eating habits and economic stress, worsening local labor market conditions are negatively related to satisfaction with health and positively related to the likelihood of all the specific health conditions under investigation. The negative relationship between unemployment and health outcomes is, instead, partially offset by physical activity, since lack of physical exercise falls during recessions. We also find that employment status and educational level play a significant role as moderators: the negative relationship between local unemployment and health conditions is, overall, significantly less strong for employed and highly educated individuals. In contrast, gender is found to play a minor role as a moderator.
Overall, our findings indicate that different health behaviors can play opposite roles in mediating the relationship between macroeconomic conditions and health outcomes, depending on the relative importance of the income, time and stress effects. The positive relation found for smoking suggests the prevalence of the stress effect over the income effect. Similarly, the negative relation found for physical inactivity can indicate the prevalence of the time effect over the income and stress effects. As far as alcohol consumption and diet variety are concerned, our findings suggest that the income effect prevails, although it leads to two opposite results: higher local unemployment is associated with a significant decrease in alcohol consumption, while it is positively and significantly related to lack of diet variety. It is important to emphasize, however, that the causal interpretation of our mediation analysis is limited by the possible violation of the sequential ignorability assumption.
Our paper indicates several directions for future research. First, it will be interesting to assess whether the findings based on individual-level data for Italy generalize to other countries within and outside Europe. Second, the evidence on the mediating role of health behaviors can be relevant to design appropriate policies to dampen the adverse effects of economic fluctuations on health outcomes. Third, further research might explore cause-specific mortality or other health outcomes (such as BMI or calories intake) that have been explored to a lesser extent in the existing literature. Finally, due to data limitations, this paper did not fully explore the dynamic response of health outcomes to macroeconomic fluctuations. Future research based on longitudinal data could focus on this relevant and relatively neglected aspect.
